R
hinoplasty outcomes can be improved significantly by the use of different maneuvers and biomaterials. The two central issues of inadequate structural integrity and volume can be restored using a variety of grafts and implants. Over the past 10 to 15 years, the paradigm has shifted from overaggressive and reductive rhinoplasty to greater use of augmentation. 1, 2 Consequently, the use of grafts and implants has also increased with this change. The choice of the implant and graft used during rhinoplasty remains an area of continuous debate and controversy.
In a nose that has been operated on previously, excessive resection of the septum and upper and lower lateral cartilages leads to loss of support. 3 Significant loss of the structural framework following rhinoplasty can result in skin and soft-tissue shrinkage and volume deficiency. Inadequate dorsal height can be caused by injudicious resection of the osteocartilaginous dorsum. In addition, loss of nasal tip projection, rotation, and nasal length may be secondary to loss of adequate tissue support and the dynamics of healing. Irregularities of the nasal tip and dorsal contour and alar retraction are frequently caused by excessive and asymmetric loss of nasal framework. 4, 5 Similarly, the function of the internal and/or external nasal valves can be compromised by overaggressive resection of upper and/or lower lateral cartilages. These complications and misadventures result in difficult reconstructive challenges at the time of secondary or tertiary rhinoplasty, often requiring the carefully planned use of a variety of grafts and implants to address specific functional and cosmetic issues. Grafts and implants can be used to minimize the effects of overreduction, address open roof deformities, camouflage contour irregularities, and correct airway compromise caused by a collapsed cartilaginous vault and nasal valves.
There are various grafts and implants available to the rhinoplastic surgeon that can be used to restore the volume and structural integrity of the nose. The available biomaterials can be divided into two broad categories: autografts, which are derived from the patient and include cartilage, bone, fascia, and dermis; and homografts, which are derived from tissues donated by members of the same species and include irradiated cartilage and acellular dermis. Alloplastic implants are synthetic implants (biocompatible polymers) with a variety of applications in plastic surgery.
This review specifically addresses the use of autologous grafts in rhinoplasty, without specific recommendations. However, description of specific surgical techniques is beyond the scope of this review. Autologous grafts have relatively high bio-compatibility and low risk of infection and extrusion as compared with homografts and alloplastic implants. Although autologous grafts remain the preferred material for use in rhinoplasty, their advantages should be counterbalanced with the concerns of donor-site morbidity, graft availability, and graft resorption.
CHOICES OF AUTOGRAFT

Septal Cartilage
Septal cartilage is generally considered the best material for correction of nasal deformities in revision rhinoplasty patients (Table 1) . 3,6 -25 Typical uses for septal cartilage include dorsal grafts, struts, batten grafts, lateral crural grafts, lateral crural strut grafts, spreader grafts, and tip grafts to increase projection, length, or definition to the nasal tip ( Figs. 1 through 4) . 14, 26, 27 Septal cartilage can be easily harvested during rhinoplasty regardless of the approach and without the need for additional incisions. Septal cartilage is generally straight, providing strong structural support, and has resiliency properties similar to those of the native nasal cartilaginous framework. 8 Furthermore, it offers easy manipulation. 28 It can be contoured and carved to fit a precise pocket or sutured in an exact location. As with most autogenous cartilage grafts in the nose, clinically significant resorption and infection are uncommon. 8, 29 In comparison with other autografts, septal cartilage grafts exhibit fewer disadvantages with regard to extrusion, resorption, infection, or warping. Although the septal cartilage graft resorption rate has been reported to range from 12 to 50 percent, 12 this resorption is most often clinically imperceptible secondary to replacement by fibrous tissue. 6, 30, 31 The long-term stability has also been shown in animal models, and this is thought to be secondary to the nonimmunogenicity of this autograft and its incorporation into surrounding tissues. 30, 32 Cartilage has been shown to retain water and develop swelling Cartilaginous septum harvested and fashioned to form a columellar strut, which is being sutured between the medial crura.
Fig. 2.
Bilateral asymmetric spreader grafts in situ harvested and fashioned from septal cartilage. This patient had significant deviation and asymmetry of the middle nasal vault, which was corrected utilizing septoplasty, cartilage scoring, and direct mattress suturing of the septal cartilage as well as asymmetric placement of spreader grafts.
Volume 125, Number 2 • Grafts and Implants in Rhinoplasty pressure. 33 However, provided that the surfaces are not unilaterally scored or cut, septal cartilage will not warp or curl, and it can be easily sculpted or very lightly crushed to improve flexibility without risking cell loss. 11 Known determinants of cartilage graft resorption include implantation in areas subjected to high tensile forces, exposure to muscular activity, and crushing during preparation of the graft. 34 A large study with over 2000 autologous septal cartilage grafts and 17 years of experience demonstrated no incidence of rejection or loss caused by infection. 9 Reported complications were infrequent, preventable, and attributable to surgical error rather than graft properties. It was demonstrated that complications declined with increasing operator experi- ence in graft contouring, fashioning, and host pocket preparation. 9 To obtain a smoother appearance when augmenting or recontouring along the radix, dorsum, tip, or lateral sidewall, septal cartilage has been diced and placed within a blanket of oxidized regenerated cellulose (Surgicel; Johnson & Johnson Medical, New Brunswick, N.J.). 35, 36 The oxidized regenerated cellulose (Surgicel) has not been shown to cause cartilage proliferation, but instead results in an increase in collagen formation, leading to favorable contours. Alternatively, cephalic trim grafts have been used to fill minor defects and address irregularities of the nasal dorsum. 37 It has been suggested that diced cartilage wrapped in fascia is superior to Surgicel-wrapped diced cartilage in addressing various deformities (Fig. 5) . 38 This observation was supported by histologic evidence that fascial wraps (particularly temporalis fascia) allow for greater preservation of healthy cartilage. 39 In addition, tip definition or projection can be achieved through the addition of an onlay or shield-shaped tip graft, followed by dorsal augmentation over the cartilaginous vault with diced cartilage or diced cartilage wrapped in fascia. 40 The reader is encouraged to pursue further information regarding tip grafting, as it is not covered in detail in this review. Filing the grafts to lower their profile has also been shown to improve contour and decrease visibility. 41 Moreover, greenstick-fracturing dorsal onlay grafts can produce a softer, more natural appearance by correcting inverted-V or inverted-U configurations. 7 Septal cartilage is most often used as a free graft but may also be rotated on a mucoperichondrial pedicle for reconstruction of the nasal alae. 42 Septal cartilage is readily obtained by the surgeon by submucous resection 12 or septoplasty and may be harvested through whichever surgical approach (e.g., Killian, dorsal, hemitransfixion or full transfixion, intranasal posterior approach) the surgeon feels is most suitable to the particular case. If an external rhinoplasty approach is undertaken, the septal cartilage may be harvested from above, by separating the medial crura of the lower lateral cartilages and the upper lateral car- Volume 125, Number 2 • Grafts and Implants in Rhinoplasty tilages, or by means of a standard septoplasty approach, with a transfixion or hemitransfixion incision. 7 With an internal approach, the septal cartilage is exposed by elevation of a mucoperichondrial flap, which is facilitated by generous hydraulic infiltration of local anesthetic within the subperichondrial plane. 9 The quadrangular cartilage articulates with the upper lateral cartilages, bone, vomer, and perpendicular plate of the ethmoid. 43, 44 The quadrangular cartilage can be freed bluntly from the maxillary crest inferiorly and disarticulated from the bony septum posteriorly at its junctions with the vomer and perpendicular plate of the ethmoid bone. Alternatively, the anterior portion of the perpendicular plate of the ethmoid can be removed attached to the quadrangular cartilage if separation of the two is difficult inside the nose. 7 The main disadvantage of using shaped autogenous grafts using septal cartilage is the limited amount of cartilage that is available and that can be harvested safely from the nasal septum. Generally, a minimum of a 1-cm dorsal-caudal L-shaped strut should remain to prevent collapse. 4 Some surgeons have taken more conservative amounts of cartilage, leaving dorsal and caudal septal struts of 15 mm, 10, 11 whereas others are more aggressive, leaving only 8 mm for adequate support. 7, 42 The septal cartilage thickens posteriorly, and this characteristic is useful when designing support struts or tip grafts that are ideally fashioned from the thickest portions of the cartilage (Figs. 6 and 7) . 42 Furthermore, fashioning the graft in a patient whose septum is severely deviated is sometimes very difficult because of the existent memory and angulation of the raw septal cartilage. 
Auricular/Conchal Cartilage
Conchal cartilage has proven indispensable as an aid in secondary or reconstructive rhinoplasty, when prior harvest, trauma, genetics, or infectious processes have rendered the nasal framework deficient and the septal cartilage unavailable to the surgeon. 9, 12, 14 Conchal cartilage is considered the graft of choice for most nonstructural applications when septal cartilage is inadequate or unavailable (Fig. 8) . 4,8,10 -12,42,45 The cartilage is pliable yet resilient, and its natural contours allow for a variety of cartilage shapes.
12 Auricular cartilage is of the "elastic hyaline" histologic type (type 4), exhibit- Plastic and Reconstructive Surgery • February 2010 44e ing a fixed "genetically sculpted" configuration, which renders it structurally most similar to the lateral nasal cartilages and the external nasal valve. 30 Indeed, this natural convolution may be disadvantageous in some instances as well.
By suturing layers of bruised auricular cartilage into a multilaminar structure, restoration of significant nasal dorsal defects and irregularities, including the saddle-nose deformity, can be achieved. Conchal cartilage is typically more brittle than septal cartilage, making it more difficult to carve precisely. 9, 42 However, it is characteristically less rigid than septal cartilage and therefore is most appropriately used as an onlay for contour improvement, particularly in the nasal tip region. 10 As such, conchal cartilage is generally considered inferior to septum or rib cartilage with respect to structural support. Auricular cartilage has been associated with occasional warping or even deformation associated with ongoing scar contracture. However, experienced surgeons estimate that this occurs in less than 5 percent of cases, usually requiring a minor revision procedure.
Grafts can be harvested easily under local anesthesia, and a significant portion of the concha (including both the cymba conchae and the cavum conchae) can be removed without risking donor-site deformity. Complete conchal cartilage excision may cause slight medialization of the pinna; thus, the more protrusive ear should be used as the donor. 10 However, leaving a segment of the posterior conchal wall will avoid any medialization and should be the preferred method for the less experienced surgeon. Patients with collagen vascular diseases and certain immunologic diseases such as lupus, and those predisposed to keloid formation, are poor candidates because of the likelihood of postoperative deformity. 10 Approximately 5 cm of cartilage, with perichondrium, can be relied on per ear. 10 Removal of the graft perichondrium, particularly when auricular cartilage is to be used in dorsal augmentation, has been recommended to minimize the chances of warping. 46 Others suggest that its preservation facilitates earlier fibrosis and graft stabilization in the host bed. 9, 11 Free perichondrium has been used as a camouflaging graft to soften the appearance of the nasal tip structures and can be used for nasal tip and septal perforation repair. 47 The conchal cartilage is thickest at the cymba concha, and support grafts such as columellar struts should be harvested from this portion. 4 There is significant variation in cartilage size and thickness among individuals, and thorough examination of potential donor sites is crucial to preoperative planning.
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Costal Cartilage
Although autogenous septal cartilage is generally preferred for use in the primary correction of mild deficiencies in the projection of the nasal tip and dorsum, often there is an insufficient supply for more severe deformities or the supply is unavailable in cases of graft-depleted revision rhinoplasty. In such cases where alternatives to septal and conchal cartilage grafts are needed, autogenous rib cartilage may be the graft material of choice. 48 -51 Costal cartilage is available in abundance, undergoes minimal postoperative resorption when not morselized or crushed excessively, 9 and is relatively easy to carve. 49 Grafts can be harvested simultaneously during rhinoplasty exposure by a second surgeon, minimizing operative time. 51 Costal cartilage can be refrigerated, carved meticulously at the surgeon's leisure, and transplanted within several days with good long-term viability. 12 Both abundant and versatile, costal cartilage can supply the plastic surgeon with ample cartilage for essentially any structural deficiency of the nose. 12, 26, 49, 51 Costal cartilage is often overlooked when grafting materials are sought because of its perceived disadvantages, the foremost of which is unpredictable warping, which could jeopardize the aesthetic result in a dorsal graft and necessitate revision. 12, 52, 53 Gibson's principles of balanced cross-sectional carving along the long axis of the cartilage have been used conscientiously by surgeons who wish to prevent warping. 54 Typically, this involves symmetrical removal from both sides and using only the central part of the cartilage for reconstruction or augmentation, particularly of midline nasal structures. 9, 11, 48, 51 Previous strategies included allowing the graft to warp to completion in water or an abdominal pocket for 3 months before use in recontouring. 55 More recent in vitro studies have shown full distortion of cartilage grafts within 15 to 30 minutes of carving, 49, 56, 57 but the clinical setting is less predictable, with case reports of noticeable warping of grafts up to 9 months postoperatively. 54 Gibsonian balanced carving with 15 minutes allowed for maximal warping has also been advocated. 51 In his series of 40 costal cartilage grafts for nasal reconstruction in 14 patients followed for an average of 12 months, there were no instances of postoperative graft warping.
Internal rigid stabilization of the cartilage graft with alloplastic support has been another strategy to prevent warping. Gunter et al. de-scribed placement of a longitudinally threaded Kirschner wire within dorsal onlay grafts or columellar struts. In vitro data and a corroborating clinical application in 28 patients showed no warping over 13.5 months. 49 In addition, the costal cartilage can be laminated together in opposite directions and secured with suturing or with a very small amount of cyanoacrylate to prevent warping. 58 Costal cartilage autografts also have the disadvantage of significant donor-site morbidity, 11 including iatrogenic pneumothorax, chest wall deformities caused by unpredictable scarring, persistent postoperative pain, longer anesthesia times, and incisional dehiscence or infection. 52, 54, 59 In a study with 14 patients receiving 40 grafts from 20 autogenous ribs harvested during septorhinoplasty, there was one pleural tear and one donor wound dehiscence, with the author suggesting that complications associated with harvesting costal cartilage are both surgeon and technique dependent. 51 To further minimize donor-site morbidity, several authors have described short incisions (2 to 3.5 cm in the nonobese patient) facilitated by the use of differential retraction 9, 51 or even endoscopic techniques for graft harvest. 60 Use of a method where costal cartilages are harvested en bloc with the perichondrium left completely intact at the donor site, with remaining costal cartilage cut into small blocks to fill the dead space formed in the perichondrial pocket, has been reported, with no chest wall deformities and decreased intraoperative complications. 61 It should be noted that costal cartilage should be used with caution in the older patient, as progressive calcification renders it less likely to warp but more difficult to sculpt in many cases. 9, 12, 42 Perichondrium should be excluded meticulously from grafts because of its chondrogenic potential, 62 which may distort the graft and jeopardize cosmesis. Importantly, careful dissection and preparation of the vascular pocket to limit tension and movement of the inset graft is thought to prevent warping and resorption.
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Bone Grafts: Calvarial and Olecranon Process
The forces of scarring in the healing nose with severe deformity tend to overwhelm any type of reconstruction that is not rigid or semirigid. Thus, a reconstructive strategy should aim to provide stabilization of the tip and dorsum until contraction has abated. 63 Bone grafting is a good option because it provides good stability, is available in abundance for any nasal application, and produces reliable aesthetic results. However, whereas cartilage is indifferent to functional stress for its survival, bone grafts implanted in low-stress sites may resorb over time, with concomitant reversal of the augmentation effect. 64, 65 For example, ethmoid has been abandoned as a tip graft because of its lack of long-term survival. However, its utility as a buttress graft supporting primary grafts has become evident. 25 Other disadvantages of bone grafting include the possibility of an unnatural feel and the potential for significant donor-site pain and other harvest-related morbidity. 26, 66, 67 Various bone graft donor sites have been used reliably in nasal reconstruction and dorsal augmentation, including iliac crest, calvaria, mastoid bone, ulna, rib, and nasal hump implants. 68 -74 Regardless of the source of the bone graft used in nasal reconstruction, time-honored principles of bone graft survival are felt to apply in the nose, including the notion that increased graft-to-recipient bone contact improves graft volume conservation, 75 and that rigid fixation of the graft is associated with decreased resorption and improved longevity of the aesthetic result. 76 Split calvarial bone has emerged as a preferred graft in recent nasal reconstruction literature because of its superior strength, lower resorption rate, and low donor-site morbidity. 11, 70, 77, 78 Calvarial bone has been shown to have a lower resorption rate than iliac crests (13.5 percent versus 0 percent with 5-year follow-up). 65 The need for intact periosteum to retain volume is uncertain in this situation. 79 Because of its strength, calvarial bone can be thinned to 1 mm and arranged in a hinged, interlocking fashion with an L-configuration for support of both dorsal contour (dorsal graft) and tip projection (columellar graft). 63, 78 The olecranon process has a uniquely thick cortex (2 to 5 mm), which is thought to also resist resorption (0 percent resorption with 3-year follow-up). 70 Harvesting of calvarial bone is well tolerated by patients, with minimal or no postoperative discomfort compared with the significant morbidity classically associated with iliac crest resections, which typically lasts 2 or 3 weeks postoperatively. 63, 80, 81 However, the risk of central nervous system injury and hematoma formation, though rare, exists. 79, 82 Supporters of use of the olecranon process note that its harvest is easy and without the threat of central nervous system injury. [82] [83] [84] [85] Calvarial grafts are harvested over the nondominant side of the brain in the temporoparietal area. A contouring burr is used to cut around the graft to the level of the diploe, which is then removed carefully to expose the inner table. The outer table surrounding the graft is contoured with a burr, rendering the donor-site defect mild, wide, and inconspicuous. Bone dust can be placed into the donor defect and covered with oxidized regenerated cellulose (Surgicel) to further conceal the depression, which becomes less palpable 6 to 12 months following surgery.
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CONCLUSIONS
Each of the available autografts that can be used by the rhinoplastic surgeon has advantages and disadvantages. The most common complication associated with cartilage grafts is malposition. Other complications include resorption, extrusion, and warping. 25, 86 Septal cartilage, generally considered the best material for correction of nasal deformities, has the advantage of relative ease of harvest. It has properties similar to those of native nasal cartilaginous framework and provides very good structural support. However, the surgeon is generally limited by the amount of material that can be harvested before structural instability of nose results. Auricular cartilage has been shown to be pliable and resilient, with a broad range of available shapes that can be harvested. This has made it an excellent choice for external nasal valve reconstruction while offering low donor-site morbidity. Just as the shape of the graft may be an advantage, its potential convolution may be a disadvantage, as it tends to be more brittle and offers less rigidity and support than septal cartilage. When the surgeon is limited by the amount of septal or auricular cartilage that can be harvested, costal cartilage offers the advantage of an abundant source of support material. It has been shown to have long-term viability, with minimal resorption after implantation. However, it has also been associated with significant donor-site morbidity and shown to be susceptible to late warping if specific measures are not taken to prevent it. Bone grafts such as those from the calvaria, nose, or olecranon process of the ulna provide excellent structural support, are available in abundance, and offer reliable aesthetic results. Although resorption rates have been shown to be better in calvarial and olecranon process grafts as compared with iliac crest grafts, the unnatural feel and possible risk of complications associated with harvesting (less so in olecranon process grafts) presents drawbacks to their use.
Clinical judgment remains the most important determinant in selecting the appropriate type, size, and shape of graft used to correct nasal deformities in revision rhinoplasty. Each material offers advantages that may be necessary based on the clinical scenario and nature of the revision, augmentation, or reconstruction. Similarly, each graft type may have disadvantages that preclude its use in different cases. It is important for the rhinoplastic surgeon to be aware of such advantages and disadvantages and the appropriate techniques needed to overcome some of the limitations of the grafting method so that the optimal aesthetic and reconstructive result is achieved. Table 2 lists CPT codes commonly used for grafting procedures in rhinoplasty.
